Recent studies have provided evidence for gene transfers from prokaryotes to eukaryotes and between eukaryotes. The mechanisms and frequencies of these transfers remain the subject of speculation, but the findings provide ample reason to seriously consider interspecies gene transfer as an important evolutionary process in eukaryotes. Andersson et al.
The transfer of genes between organisms, and the bringing-together of different genomes into a single organism, have long been discussed as potentially important evolutionary factors [1, 2] . But aside from the well-documented cases of mitochondria, plastids and secondary endosymbionts [3, 4] , much of the documentation of interspecies gene transfer in eukaryotes has remained in the realm of speculation and controversial data analysis. Many have considered interspecies gene transfer as the last resort of desperate phylogeneticists. Fueled by the many ongoing genome projects, this state of affairs is rapidly changing.
In this issue of Current Biology, Andersson et al. [5] report on the analysis of bacterial genes found in the diplomands. Unlike earlier claims to find bacterial genes in the human genome [6] [7] [8] , these analyses hold up to closer phylogenetic scrutiny. As an unexpected bonus, the authors not only identify genes that were transferred form prokaryotes to eukaryotes, their study also reveals several instances of apparent eukaryote-to-eukaryote transfers. The recent appreciation of interspecies gene transfer is not limited to protists. In other recent papers, Kondo et al. [9] report on a chunk of Wolbachia genome found in the genome of this bacterium's host insect species, and Koufopanou et al. [10] report on the frequent interspecies transfer of homing endonuclease genes in fungi.
Andersson et al. [5] started their analyses with genes of bacterial character that were identified in the genome of diplomonad Giardia lamblia, using data from the ongoing Giardia genome project [11] . Candidate transferred genes were also sequenced from another diplomonad, Spironucleus barkhanus, and the phylogenies of the fifteen protein families to which these candidate genes belong were carefully reconstructed. In a few instances, other explanations for the observed patterns than prokaryote-to-eukaryote gene transfer cannot be excluded -in particular, ancient gene duplications followed by differential gene loss, or transfers from eukaryotes to bacteria. But most of the diplomonad sequences of bacterial character group in isolation from their typical eukaryotic counterparts and within groups formed by prokaryotic homologs. About half of the analysed genes encode proteins involved in anaerobic metabolism, a finding that Andersson et al. [5] suggest might indicate the essential role of horizontal gene transfer in the adaptation of the diplomonads to anaerobic conditions. The exchange of genes between prokaryotes has long been recognized as an important biological process. The spread of antibiotic resistance genes, and its role in facilitating recombination, were among the first recognized effects of genetic exchange. But very few researchers had anticipated the extent of horizontal gene transfer that has been revealed through the analysis of over 80 completely sequenced prokaryotic genomes. While the degree to which horizontal gene transfer compromises our ability to reconstruct organismal evolution remains a matter of debate, there is no doubt that the transfer of genes, operons and gene clusters plays an important role in the adaptation of prokaryotes to different ecological niches, in molecular innovation and in shaping and structuring microbial genomes [12] .
Prokaryotes depend on gene transfer to facilitate recombination; in contrast, eukaryotes invented sexual reproduction, tightly linking recombination between members of the same species to propagation. The invention of meiosis appears to have occurred early in the evolution of eukaryotes, before the lineages that typically are considered as deep branching eukaryotes diverged from one another (John Logsdon, personal communication). Therefore, it was assumed that horizontal gene transfer between divergent species would be a process predominately occurring among prokaryotes [13] . There were well-corroborated early reports of interspecies gene transfers among eukaryotes [14] , and the hypothesis that mitochondria and plastids evolved from bacterial endosymbionts has become established fact [3, 4] ; nevertheless, in the perception of most biologists, the transfer of gene and genome fragments among eukaryotes remained a rare exception.
The recent finding of a Wolbachia genome fragment in the X-chromosome of its host [9] is similar in character to the many gene transfers inferred to have taken place between the genomes of mitochondrial and plastid endosymbionts and the nuclear genomes of their 'host' cells [4] . The case of Wolbachia is remarkable, because it involves a multicellular animal with a well-established germline; however, the Wolbachia endosymbiont is present inside cells of the germline and is known to influence the reproductive success of its host.
Parasitic genes that encode homing endonucleases depend for their long-term survival on the reinvasion of populations that do not already contain the parasitic genetic element [15, 16] . In contrast to viruses, these parasitic genes do not provide their own transportation. They rely on their host or on other parasites to be brought together with an uninfected allele. Once the two alleles are coexisting in the same cell, the homing endonuclease catalyses the conversion of the insert free allele. Homing endonucleases thus provide for their super-mendelian inheritance through the conversion of non-infected alleles. Their transmission between species indicates that the homing endonucleaseencoding host gene was transferred across species boundaries and expressed in the recipient. The subsequent super-mendelian inheri-tance makes sure that the new allele is fixed in the population.
The staggering rates of interspecies transfer that Koufopanou et al. [10] and Goddard and Burt [15] estimate for nuclear and mitochondrial genes, respectively, is surprising -even their minimum estimates for interspecies transfers give reason to re-assess eukaryotic evolution. While the accumulation of slightly deleterious mutations in mitochondria has been documented [17] , recombination between mitochondrial genomes, even across species boundaries, seems to occur frequently at least in some species. Could it be that evolution among eukaryotes without an isolated germline is more similar to prokaryotic evolution than previously assumed?
The 
Introgression via interspecies hybrids:
Sexual reproduction between members of closely related species can lead to hybrids. Even though these are often less fit than their parents, subsequent crosses with either of the parents can allow for gene flow across species boundaries [19] .
Symbiosis:
The intimate contact between symbionts might facilitate genetic exchange. Endosymbionts often have low rates of recombination, and therefore evolution by natural selection is less effective for genes encoded in the endosymbiont (Muller's ratchet [17] ). The transfer of genes between symbionts is best documented in, but not limited to, the cases of mitochondria and plastids [4] . (The case of endosymbionts that are living inside a food vacuole of the host is also covered under phagocytosis.) Transfection: A virus or other infectious agent that infects hosts from different species might carry along genes from the host organism.
